P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

NGHIEN CU'U GIAM SAT TU XA MUC NUGC CUA THUY DIEN NHO
SU' DUNG TRi TUE NHAN TAO (A1) DE NHAN DIEN DU' LIEU

RESEARCH ON REMOTE MONITORING OF WATER LEVELS OF SMALL HYDROPOWER PLANT

USING ARTIFICIAL INTELLIGENCE FOR DATA IDENTIFICATION

DOI: http://doi.org/10.57001/huih5804.2024.293

TOMTAT

Ngay nay cac ngudn dién phan tan duoc dau tu va phat trién & nhiéu noi. Ngudn dién phan
tan la cdcngudn nang lugng vira va nhd nhu ngudn dién mat trdi, ngudn dién gid, ngudn thiy dién
nhé. .. Ngudn dién phan tan mét mat gidp bd sung cong suat vao ludi dién quéc gia mat khac gitip
cung cap cong sudt tai chd & nhiing khu vuc ma ludi dién qudc gia chua thé cung cap dén. Hién nay
da s6 cac ngudn dién phan tan duoc giam sat va diéu khién thong qua may tinh chd va phan mém
quan ly dat co dinh tai noi lap dat. Viéc giam sat tlr xa cac ngudn dién phan tan trong d6 ¢6 thiy
dién nhd trong quan Iy van hanh la diéu hét stic can thiét. Bai bao nay sé nghién ctu (ing dung tri
tué nhan tao dé nhan dién di liéu nhdm giam sat tir xa mic nudc hé chiia cda thay dién nho. Hé
thong ¢ kha nang giam sat tlr xa thong qua hai tly chon trén thiét bi Smartphone va Website cho
nguoi st dung va trung tdm gidm sat véi khodng cach gidm sat la khong cd gidi han.

Tirkhod: Ngudn dién phdn tdn, thidy dién nhd, gidm sdt, tri tué nhdn tao.

ABSTRACT

Nowaday, distributed power sources are being invested in and developed in many places.
Distributed power sources include small and medium-scale energy sources such as solar power,
wind power, and small hydroelectric power. On one hand, distributed power sources supplement
power to the national grid, and on the other hand, they provide on-site power in areas where the
national grid cannot reach. Currently, most distributed power sources are monitored and
controlled through host computers and fixed-location management software at their installation
sites. The remote monitoring of distributed power sources including small hydropower plant in
operational management are very important. This article will study and apply artificial intelligence
for data recognition to remotely monitor water level parameters in small hydropower plant. The
system has the ability to remotely monitor through two options on Smartphone devices and
Website for users and monitoring centers with unlimited monitoring distance.

Keywords: Distributed power sources, hydropower plant, monitoring, artificial intelligence.
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1.DAT VAN BE

Nguén dién phan tan la thuat ngir
dung dé dién dat cac loai thiét bi phat va
luu trir dién quy moé nho, dugc néi hodc
khong néi véi lugi dién tap trung. Nguén
dién phan tan c6 thé la nhiéu loai thiét bi
san xuat nang lugng téi tao quy mé nho
khac nhau nhu tuabin nudc, tdm pin mat
trdi, tuabin gid, pin, khi sinh hoc va cac
loai khac [1].

M6 hinh phat dién phan tanla mo hinh
ma nang lugng dién dugc san xuat va
phan phoi tir mot s6 ngudn dién phan
tan, phan tan khdp cac vi tri gan nguoén
tiéu thu. Thay vi phu thudc vao cac nguén
dién truyén thong tap trung, mé hinh
phat dién phan tan chu trong vao viéc st
dung céc nguén nang lugng xanh, nang
lugng tai tao va cédng nghé luu tri dé
phan phéi dién cho cac khu vuc quy mo
vUa va nhé hodc cac ho gia dinh. V&i mo
hinh nay, cac nguén phat dién nhu thay
dién nho, dién gi6, mat trdi va ca pin luu
tri ndng luong dugc trién khai gan vai noi
tiéu thu. Diéu nay giup gidm thiéu van dé
mat dién do mat truyén tai trong mang
lugi truyén théng va tang tinh 6n dinh clia
hé théng. Dudi day la thanh phan chinh
ctia mo hinh phat dién phan tan:

Nguén san xuat nang lugng: Bugc sur
dung nhiéu ngudn san xuat nang luong
phan tan khac nhau nhu dién mat troi,
dién gid, thly dién nhd... Trong d¢, thay
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dién nho dugc 13p dat tai cac vung nui nai ¢é Igi thé vé
cac song, ho, thé nang.

Hinh 1. M6t 56 loai ngudn dién phan tén

Mang lugi: M6 hinh phat dién phan tan yéu cau moét
mang lugi linh hoat va théng minh dé két néi cac nguén
phat va ngudgi tiéu dung. Hé théng mang ludi nay cho
phép diéu khién, quan ly va phan phéi nang luong theo
nhu cau thuc té, dong thai t6i uu hiéu suat van hanh va
dam bao su 6n dinh cta hé théng. Tuy theo dac diém va
diéu kién khac nhau, mé hinh phét dién phan tan c6 thé
la hé néi hoac khéng néi vai lugi dién tap trung (hinh 2).

TN

Phan phéi

Hinh 2. Hé ndi ludi va khong ndi ludi doi vi nguon dién phan tan

Thuy dién nho 1a mét dang ngudn dién phan tan. Thay
dién nho thudng c6 cong suat 1ap may nhé han 30MW.
N6 c6 tiém nang kha 16n dé khai thac phuc vu phat trién
kinh té - xa hoi, gép phan dam bao an ninh nang lugng.
Viéc dau tu xay dung cac nguodn thiy dién nho sé dong
g6p khéng nhé san luong dién dang ké cho hé théng
dién qudc gia, khai thac dugc nguén nang lugng tai tao
quy gia ti thién nhién. Thay dién nho ciing la nguén dién
cho phép linh hoat trong viéc m& rong hé théng nang
lugng theo nhu cau. Ngoai ra, thiy dién nho thé hién su
dodc lap va kha nang phan tng linh hoat trong viéc cung
cap nang lugng tai cac vling nui, xa khu vuyc trung tam.

Bén canh nhiing uu diém cha thuy dién nhoé nhu trén,
thiy dién nho cling cé nhiing han ché vé mat dau tu va
trang bi:
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- Thay dién nho thudng dat xa khu vuc déng dan cu,
mat do phu tai thua thét, chi phi dau tu dudng day dau
nGi véi hé théng dién chiém ty trong I6n nén viéc dau tu
xay dung nguén dién nay van chua dap ting nhu ky vong.

- Kinh phi dau tu cda thay dién nho con han ché nén
viéc dau tu cac hé thong giam sat tirxa cac théng sé trong
dé cé théng s6 vé mic nudce clia thly dién nho cling chua
tuong xutng va déng bo. Cac hé théng va Uing dung gidm
sat tu xa nay thudng c6 gia thanh cao nén vugt qua nang
luc ctia cac don vi nho. Day cling la van dé sé dugc bai bao
tap trung nghién ctru va dé xuat.
2.CO SO NGHIEN cUU
2.1. Thay dién nho va van dé can nghién cuu

Mbi loai nguén dién phan tan khac nhau nhu dién mat
troi, dién gio, thuy dién nho thi can giam sat mot s6 thong
s6 dién hinh khac nhau [4]. V6i thay dién nho, cac théng
sO can giam sat la cong suat, tan s6, dong dién, dién ap,
muc nudc hé [5-7]... Thay dién nho co dién tich hé chia
nho, kha nang diéu tiét va cat 10 1a han ché nén viéc giam
sat thong s6 muc nudc hé chia la quan trong nham dam
bdo ké hoach van hanh va kha nang phéi hop cta thay
dién nhé. Nhutrinh bay 6 trén, véi nhiing han ché con ton
tai trong dau tu, trang bi cia thay dién nho, trong bai bao
nay, tac gid tap trung nghién cdu viéc gidm sat tu xa
thong s6 muic nudc hé chia cta thay dién nhé bang viéc
st dung Al lam d6i tugng va pham vi nghién ctu.

Cirrus Hydra-Sub CLT5 - SS la cdm bién muc nudc tinh
loai chim va la mét trong nhing thiét bi dé st dung do
muc chat [6ng chinh xac va hiéu qua [8]. Cam bién nay co
nhing tinh nang néi bat nhu dé I3p dat, két cdu chim, tam
do xa va hiéu qua trong hoat déng khién n6 trg thanh
moét trong nhimng thiét bi do muic nudc duge sir dung
nhiéu (hinh 3).

Hinh 3. Cam bién mc nudc CLT5 - SS

Cam bién CLT5 - SS dé dang lap dat vao 6ng nho
dudng kinh 40mm va treo bang cap (hinh 4). B6 chuyén
déi cdm bién dugc dat trong vé SS316 kin chat 1dng va
dugc lap rap vao cap. Véi ap suat tinh chat 1éng bén trong
hé chua, tin hiéu ctia dau do sé dugc bién déi thanh tin
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hiéu dong dién dau ra 4 - 20mA (2 day) tuong tng véi muc
chat 16ng moét cach chinh xac. Cam bién nay duoc ap
dung réng rai déi vai cac hé thay dién dé do muc nudc
trong h6. Thong s6 do clia cdm bién sau khi quy déi la cao
trinh thay van so véi muc nudc bién.

;ﬂ Hép dau ndi

Gia d& hop ndi

Cap ndi tin hiéu

Mt bich 8ng

Hinh 4. Lap ddt cam bién mc nudc CLTS - SS tai ho thuy dién

Mot s6 thong s6 ky thuat ciia cdm bién miic nudc CLT5
- SS nhu bang 1 [8].
Bang 1. Thong 50 kj thudt cdm bién muic nudc CLT5 - SS

Model CLT5-SS

Pham vi do 5/10m ~ t6i da 15m
Vit liéu cdm bién SS316L

Pau do Thép khong ri, IP 68
Do chinh xac +/-0,25% F.S.
Daura 4-20mA, 2 day
Dién ap nquon 24VDC

Gén (Cép ndi phia trén

Hién nay, thdng s6 muc nudc clia ho chia da dugc
giam sat cu bo tai nha may thong qua may tinh tai ché.
Trong pham vi clia nghién ctu, néi dung sé tap trung
nghién clu, dé xuat 1a tng dung tri tué nhan tao (Al) dé
nhan dién dir liéu tir cac may tinh tai chd nay nham xay
dung chuong trinh giam sat tir xa nguon thay dién nho
dé phu hgp véi diéu kién va kha nang ctia cac don vi nhé.
2.2, Cac ung dung trong nghién ctu

Ngoén ngi lap trinh Python: Python la mét ngon ngir
lap trinh dugc st dung rong rai dé xay dung cac ing dung
website, khoa hoc dit liéu, 1ap trinh phan mém, may hoc
va tri tué nhan tao. Cac lap trinh vién thuong s dung
Python vi tinh hiéu qua, dé ti€p can va cé thé két hop trén
nhiéu nén tdng khac nhau. Phan mém Python c6 thé su
dung mién phi, tich hgp t6t véi tat ca cac hé théng khac
nhau va t8c d6 phat trién nhanh. Cac chuang trinh lién
quan Al thudng co6 dé phuc tap kha cao, doi hoi tién trinh
nhiéu budc va mat nhiéu thai gian trién khai. Mét trong
nhiing yéu cau hang dau ctia mét dy an Al d6i véi ngon
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ng{ lap trinh dugc st dung la tinh linh hoat, 6n dinh va
san c6 nguodn cac thu vién va cong cu ho trg. Do do,
Python véi nhiing dac diém néi bat va quan trong, hoan
toan thich hgp trong viéc xay dung cac du an Al so véi cac
ngon ng{ lap trinh khac [2].

OpenCV dugc lién két la mét thu vién ma nguén mé
clia Python va dugc ap dung phd bién nham cung cap
cdng cu va thuat toan trong linh vuc x{ ly anh va thi giac
may tinh. Tén goi "OpenCV" la viét tat clia "Open Source
Computer Vision Library”. Trong pham vi clia nghién cutu
nay, OpenCV dugc sir dung dé doc anh tir man hinh may
tinh di€u khién cda thay dién nho.

Tesseract OCR la mét cong cu dugc st dung dé nhan
dang ky tu quang hoc ma nguén ma& va dugc phat trién
bdi Google. Tesseract c6 kha nang chuyén déi cac hinh
anh chua van ban thanh cac van ban cé thé chinh s,
dinh dang dugc trén may tinh. Tesseract ho trg nhiéu
ngdn ngir va cé thé nhan dang cac font chit khac nhau.
V&i pham vi clia bai bdo nay, Tesseract OCR dugc st dung
dé nhan dang, trich xuat ki tu t&r dnh t&r man hinh may tinh
phong diéu khién cuta thuiy dién nho

Trinh bién dich IDLE cGia Python: IDLE la mét moi
trudng phat trién tich hgp déi véi ngdn ngl Python. Tén
goi IDLE la viét tat cta "Integrated Development and
Learning Environment", né cung cap mét giao dién dé
hoa ngudi dung dé viét, thit nghiém va thuc thi ma
Python. IDLE di kém véi bat ky cai dat Python chuan nao
va dugc cai dat mac dinh khi ban cai dat Python tu trang
web chinh thic cta Python. Trong bai bdo nay, IDLE cta
Python dugc st dung dé 13y dr liéu tir hinh anh giao dién
phan mém giam sat muic nuGc clia may tinh van hanh nha
may thdy dién nho.

Ngon ng1ap trinh PHP: PHP Ia mét ngdén ng(r lap trinh
théng dich va phé bién dugc st dung hudng dén phat
trién cac Gng dung trang web déng. PHP la viét tit cda
"Hypertext Preprocessor”. PHP dugc st dung réng rai
trong viéc phat trién cac trang web va ting dung web do
dé sir dung va tinh linh hoat clia n6. PHP dugc truc tiép
tich hgp v6i ma HTML, nham tao ra cac trang web dong
c6 thé két ndi véi cac thanh phan va cg s& dir liéu trén
may chu web [3]. Trong nghién ctu nay, PHP dugc su
dung dé Iap trinh Server va Website cia trung tam giam
sat nguon dién phan tan.

Co s& dir lieu MySQL: MySQL dugc biét dén la mot hé
quan tri co s& dir liéu véi ma ngudn ma. N6 la moét trong
nhing hé quan tri co s& di liéu dugc sirdung rong réi trén
thé gidi, dugc ap dung nhiéu cho cac tiing dung web va
Ung dung doanh nghiép. MySQL cung cdp nhiéu tinh
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nang quan trong vé quan hé co s& di liéu, bao gém cac
khoa ngoai (foreign keys), cac giao thuic transact-SQL, cac
chiic ndng vé tha tuc luu trd, trich xuat di liéu va nhiéu
tinh ndng khac [3]. VGi nghién ctu cda bai bdo, MySQL
dung dé quan tri co s& di liéu doi véi Server clia trung
tam giam sat cla thiy dién nhé.

3. KET QUA NGHIEN CUU

Nhu da trinh bay & muc 2 vé co s& nghién clu, tac gia
dé xuat mé hinh va cau truc iing dung Al dé€ nhan dién di
liéu nham giam sat thay dién nhé nhu hinh 5 véi cac dat
diém:

- Thanh phan cdu tric cla hé théng bao gém trung
tam giam sat dau dau va hé théng dau cudi. Trung tam
giam sat dau dau la Server dugc xay dung véi tuy chon su
dung trén may tinh hodc thiét bi Smartphone, hé théng
dau cudi la may tinh giam sét tai chd cia thay dién nho.

Website

= 2 el : Intermet
3 1 (Mobile device)

Server | = -

Internet

__________________________________

OpencV
Tesseract OCR

IDLE Python

Hinh 5. M6 hinh va cdu tric dé xudt ng dung Al dé& nhan dién dif liéu
nham giam sat thuy dién nho

Thuat toan clia cau tric dugc dé xuat trinh tu nhu sau:

- Sir dung OpenCV trong Python dé doc va trich xuat
d liéu anh ti man hinh may tinh tai ché cda thay dién
nho, cac tinh nang néi bat ciia OpenCV nhu:

+ DPoc va ghi anh.

+ Bién d6i mau séc, lam min, lam néi bat cac dac trung
va loc anh.

+ Nhan dang déi tugng trong anh.

+ Chuyén d6i mau, lam min hoac phat hién canh dé
cai thién chat lugng hinh anh.

D( liéu anh ¢6 thé la cac d6i tugng nhu Button, Text,
Textbox, Listbox, Shape...

Duéi day la doan code OpenCV dé x{ ly anh tir may
tinh tai cho cda thay dién nho:

processed_images =[]

for img in cropped_images:

gray_image = cv2.cvtColor(img,
cv2.COLOR_RGB2GRAY)

processed_images.append(gray_image)
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- Strdung cac thu vién nhan dang ki tu Tesseract OCR dé
trich xuat dir liéu anh tir man hinh may tinh tai ché cta thay
dién nhé, cac tinh nang ndi bat clia Tesseract OCR nhu:

+ Trich xuat ki ty, thong tin tur anh.

+ Chuyén déi cac hinh anh chira van ban thanh vin
ban c6 thé chinh slta dugc trén may tinh.

+ Phat hién va nhan dang ky tu trén cac hinh anh chia
van ban.

+ Nhan dang céc font ch(r khac nhau.

Tuong tu nhu trén, dit liéu dnh ¢ thé la cac d6i tugng
nhu button, text, textbox, listbox, shape...

Duéi day la doan code Tesseract OCR dé trich xudt van
ban tir anh may tinh tai ché cta thuy dién nho:

extracted_text =[]

forimg in processed_images:

text = pytesseract.image_to_string(img)

extracted_text.append(text)

- GUi dir liéu da dugc trich xuat dé dua lén website PHP
va co s dir liéu MySQL:

+ St dung Python @é gui dt liéu trich xuat lén Website
PHP thong qua phuong thuic POST.

+ Tai phia server PHP, nhan dir liéu dugc gti tU Python
thong qua phuong thiic POST.

+ Thém dif liéu nay vao ca s& dit liéu MySQL.

- XU ly dt liéu phia Server PHP: Tai phia Server PHP sé
luu trir i liéu vao co sé dir liéu va hién thi trén Website.

Hinh 6a cho thdy giao dién muc nudc t man hinh may
tinh tai ché ctia thy dién nho va Hinh 6b la giao dién sau
nhan dién va x{ ly thgi gian thuc bang Al trén thiét bi
Smartphone dé giam séat ti xa nguén thay dién nho.
Chuong trinh cuta thiét bi Smartphone dugc lap trinh
bang cac ngdn ngt HTML va JavaScript. Cac clia s6 giao
dién chuang trinh hién thi théng tin vé mic nuéc hé chira
tai cac thai diém khac nhau.

MUSC NUGC TRUGHC LITG1 CHAN RAC MUFC NUGIC SAU LUGT CHAN RAC

282313 282322

™ 2m4 e

THONG S VAN HANH NGAY THUY BIEN
4r5/2024

Muge nude trusc ludi chiin rée

2825 = 2025

‘II\HH‘H\ MHH \‘\ T I|III-I|‘I||HHIHH‘IH

3 3 2 g
2 @ B

//////

(a) (b)

Hinh 6. (a) Giao dién tit man hinh may tinh diéu khién ctia thay dién nho,
(b) Giao dién sau nhén dién bang Al trén thiét bi Smartphone dé giam sat tir
xa nguén thay dién nho
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Hinh 7. Giao dién sau nhan dién bang Al trén website d€ gidm sat tir xa
nguon thly dién nho tai trung tdm gidm sat

A B c D E F
1 Thoi gian Myc nwoc trwoe Iwdi chan rac Mic nwoc sau lwoi chan rac Liu lwgng nwoc dén Lwu lvgng nwoe di Thoi gian cap nhat
2 21:30 2819 2815 0 0 50212024 21:30
3 21:00 2824 2819 0 0 5/2/2024 21:00
4 20:30 281.7 2814 0 0 5212024 20:30
5 20:00 280.3 279.1 0 0 5212024 20:00
6 19:30 282 280.8 0 0 5/2/2024 19:30
7 19:00 2833 2825 0 0 5212024 19:00
8 18:30 283.9 283.2 21 21 5/2/202418:30
9 18:00 284.1 2837 33 33 5/2/2024 18:00
10 17:00 283.8 2838 0 0 5212024 17:00
11 16:30 2836 2836 0 0 5212024 16:30
12 16:00 2835 2835 0 0 5212024 16:00
13 15:30 2835 2835 0 0 5212024 15:30
14 15:00 2834 2834 0 0 5/2/2024 15:00
15 14:30 2833 2833 0 0 5212024 14:30
16 14:00 2832 2832 0 0 5212024 14:00
17 13:30 2832 2832 0 0 5212024 13:30
18 13:00 283.1 283.1 0 0 5212024 13:00
19 12:30 283 283 0 0 5212024 12:30
20 12:00 2829 2829 0 0 5212024 12:00
21 11:30 28238 28258 0 0 5212024 11:30
0 0

22 11:00 2827 2827 5/2/2024 11:00

Hinh 8. Xuat dif liéu béng dinh dang Excel

Bén canh dé, hé théng con c6 thé giam sat tir xa bang
Website tai trung tam giam sat nhu hinh 7. Nhu da trinh
bay, chuong trinh clia Website dugc lap trinh bang cac
ngdn nglr PHP va st dung hé co s& dit liéu ctia MySQL dé
quan ly du liéu hé théng giam sat. Clia s6 giao dién
chuong trinh ciing hién thi théng tin vé muc nudc hoé
chua trudc va sau lugi chan rac tai cac thoi diém 1dy théng
s6 khac nhau. Trong giao dién nay, cac mau do, vang va
xanh clia théng s6 muic nudc tuong ting lan lugt cho cac
muc nudc tran qua dap, sap tran qua dap va binh thudng
trong ho chira ctia thiy dién nho.

Ngoai ra, d€ phuc vu cho bao cdo, chuong trinh giam
sat bang Al con c6 thé xuat dit liéu théng tin vé muc nudc
hé chua tai cac thai diém khac nhau trong ngay thong
qua dinh dang Excel nhu hinh 8.
4.KET LUAN

Vé&inhiing n6i dung nhu trén, tac gid da nghién ctu va
xay dung thanh c6ng Ung dung nhan dién di liéu nham
giam sat ti xa muic nudc ho cta thay dién nho bang Al
dat dugc nhiing két qua sau:

- Nghién ctu da thi nghiém déi véi nguén phan tan
la nguoén thay dién nho véi thong tin vé mic nuéc ho
chua trudc va sau lugi chan rac.

- Ung dung dugc giam sat trong thai gian thuc, thuat
toan clia Al da Ung dung cac thu vién OpenCV ctia Python
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va Tesseract OCR ctia Google dé trich xuat di liéu anh tu
man hinh may tinh diéu khién cda thay dién nhé.

- Ung dung c6 kha nang gidm sat tir xa théng qua hai
tuy chon trén thiét bi Smartphone va trén Website cho
ngudi st dung va trung tam gidm sat véi khodng cach
gidm sat la khong c6 gidi han.

- Ngoai ra hé théng cé kha nang xuat di liéu bao cao
tai cac thai diém khac nhau théng qua dinh dang Excel.
Diéu nay sé tang su linh hoat trong giam sét va van hanh
hé théng.

- Ung dung c6 gia thanh phu hop véi kha nang dau tu
clia cac don vi nho.

Bén canh nhiing két qua da dat dugc, huéng mé rong
ti€p theo clia nghién ctru c6 thé dp dung cho cac nguén
dién phan tan khac nhu nguén dién mat trgi, nguén dién
gi6 dé lam hoan thién va phong phd thém cho mé hinh
phat dién phan tan.
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